Long noncoding RNAs (lncRNAs) are aberrantly expressed in a variety of cancer types. The lncRNA IGF1R antisense imprinted non-protein coding RNA (IRAIN) is associated with various cancer types, yet the role of IRAIN in multiple myeloma (MM) progression remains unclear. In the present study it was identified that IRAIN may act as a tumor suppressor in MM, whilst microRNA (miR)-125b may promote tumorigenesis. Downregulation of IRAIN significantly increased the expression of miR-125b. Furthermore, by using dual-luciferase reporter assays, IRAIN was identified as a target of miR-125b. Knockdown of IRAIN promoted MM cell proliferation in vitro. Thus, expression levels of IRAIN may be used to predict the clinical prognosis of patients with MM and may be a novel therapeutic target for treating MM.
Introduction
Multiple myeloma (MM) is a malignant plasma cell (PC) disorder characterized by the presence of malignant PCs within the bone marrow. MM accounts for ~1% of neoplastic diseases and 13% of all hematological cancer types, with a 5-year survival rate of only 40% (1) . Although treatment strategies have evolved from traditional chemotherapy and autologous hematopoietic stem cell transplantation to novel targeted drug therapies, patient outcomes have not improved notably (2) . Therefore, the need to investigate novel functional molecular and therapeutic targets for the treatment of MM is ever increasing.
Long noncoding RNAs (lncRNAs) are >200 nucleotides (nt) long and cannot be translated into proteins (3) . Previous studies have demonstrated that lncRNAs are involved in tumor development and may be used as diagnostic markers of cancers (4) . Accumulating evidence has demonstrated that lncRNAs [colon cancer associated transcript 1, metastasis associated lung adenocarcinoma transcript 1 (MALAT1) and urothelial cancer associated 1 (UCA1)] serve a role in MM, suggesting their importance in MM progression (5) (6) (7) . However, the function of lncRNAs in MM malignancy and tumorigenesis remains unclear.
The lncRNA IGF1R antisense imprinted non-protein coding RNA (IRAIN), which is 5,359 nt in length, is located on chromosome 15q26. 3 . Previous studies have suggested that IRAIN is downregulated in prostate cancer and blood obtained from high-risk acute myeloid leukemia (AML) patients (8, 9) . Kang et al (10) reported that IRAIN also acts as a tumor suppressor in breast cancer. However, the functional role and underlying mechanisms of IRAIN in MM are poorly understood. In the present study, IRAIN expression was detected in MM tissues and cell lines and an initial analysis of its molecular mechanisms of action was performed. This present study provides novel insights into the function of IRAIN in MM development, and suggests that this lncRNA may serve a role in MM tumorigenesis.
Materials and methods
Sample collection. The specimens used in the present study were obtained from 35 patients who were diagnosed according to the National Comprehensive Cancer Network (NCCN) clinical practice guidelines for MM at the First Affiliated Hospital of Nanchang University (Nanchang, China), between October 2015 and May 2017. All patients who received chemotherapy and/or biotherapy were excluded and patients with other types of malignant tumors were eliminated. A total of 20 plasma samples in the validation set from healthy individuals were used as controls. Venous blood was collected in EDTA tubes (BD Biosciences, Franklin Lakes, NJ, USA). The plasma was transferred to a fresh tube and stored at -80˚C following snap-freezing in liquid nitrogen. The study was approved by the Research Ethics Committee of Nanchang University and written informed consent was obtained from all study subjects.
R NA isolation f rom hu m a n plasm a a nd reverse transcription-quantitative polymerase chain reaction (RT-qPCR). Total RNA was extracted from human plasma using the mirVana PARIS RNA Isolation kit (Ambion; Thermo Fisher Scientific, Inc., Waltham, MA, USA) following the manufacturer's protocol for liquid samples. The concentration and purity of extracted RNA were measured using 260 and 280 nm optical densities. cDNA was synthesized from RNA via RT using gene-specific primers (Applied Biosystems; Thermo Fisher Scientific, Inc.) using the Moloney Murine Leukemia Virus RT kit (GeneCopoeia, Inc., Rockville, MD, USA), according to the manufacturer's protocol: 42˚C for 2-5 min, 42˚C for 50 min, and 70˚C for 15 min. To determine microRNA (miR)-125b expression levels, qPCR was performed using SYBR Green (Takara Bio, Inc., Otsu, Japan). U6 was used as the internal control. PCR conditions were as follows: 40 cycles of 95˚C for 5 min, 95˚C for 45 sec, 55˚C for 15 sec and 72˚C for 50 sec. Samples were analyzed in triplicate and gene expression was quantified by normalizing target gene expression to that of the internal control using the 2 -ΔΔCq formula (11) . The primer sequences used were as follows: IRAIN forward, 5'-CGA CAC ATG GTC CAA TCA CTG TT-3' and reverse, 5'-AGA CTC CCC TAG GAC TGC CAT CT-3'; miR-125b forward, 5'-TGC GCT AAA GTG CTT ATA GTG C-3' and reverse, 5'-CCA GTG CAG GGT CCG AGG TAT T-3'; and U6 forward, 5'-CTC GCT TCG GCA GCA CA-3' and reverse, 5'-AAC GCT TCA CGA ATT TGC GCT C-3'.
Cell lines and transfection. Human MM cell lines (MM.1S, U266 and RPMI-8226) and normal PCs (nPCs) were cultured in RPMI-1640 (Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10% fetal bovine serum (FBS) (Gibco; Thermo Fisher Scientific, Inc.) and 1% penicillin/streptomycin at 37˚C in a 5% CO 2 -containing atmosphere. When the cells reached 80% confluence, cells in the logarithmic growth phase were collected. The cell lines were obtained from the American Type Culture Collection (Manassas, VA, USA). nPCs in the control group were extracted from the plasma of healthy volunteers and verified by flow cytometry (FITC-IgG, ab6755 and FITC-CD138, ab34164; Abcam, Cambridge, MA, USA) on a FACSCalibur flow cytometer (BD Biosciences). When the cells reached 70-80% confluence, they were transfected with IRAIN-targeting small interfering (si)RNA1, siRNA2, siRNA3 and negative control (NC) using riboFECT™ CP transfection reagents (Guangzhou RiboBio Co., Ltd., Guangzhou, China), according to the manufacturer's instructions. The sequences were: siRNA1 forward, 5'-GCG GGC ACA UAC UCA CUU UTT-3' and reverse, 5'-AAA GUG AGU AUG UGC CCG CTT-3'; siRNA2 forward, 5'-CCC UUA AUG UGG UCC GGU UTT-3' and reverse, 5'-AAC CGG ACC ACA UUA AGG GTT-3'; siRNA3 forward, 5'-GAG CGA CAC UGC UUA UUA ATT-3' and reverse, 5'-UUA AUA AGC AGU GUC GCU CTT-3'; si-NC forward, 5'-UUC UCC GAA CGU GUC ACG UTT-3' and reverse, 5'-ACG UGA CAC GUU CGG AGA ATT-3'. miR-125b inhibitor was purchased from Shanghai GenePharma Co., Ltd. (Shanghai, China), with the following sequence: miR-125b inhibitor forward, 5'-UCA CAA GUU AGG GUC UCA GGG A-3'. MiR-125b inhibitor was formulated in 0.9% NaCl to a final concentration of 10 mg/ml. The cells were subjected to RT-qPCR to measure the expression of IRAIN. As IRAIN siRNA3 was most effective at knocking down IRAIN expression, this siRNA was used for all subsequent experiments.
Cell proliferation and colony formation assays. For the cell proliferation assays, cells were plated in individual wells in a 96-well plate (1,500 cells/well) and examined 48 h post-transfection using a Cell Counting Kit-8 (CCK8; Dojindo Molecular Technologies, Inc., Kumamoto, Japan). Optical density values were determined at 450 nm wavelength using a microplate reader. For the survival rate assay, the numbers of viable cells were counted using Trypan blue dye and a Countstar Cell Counter (ALIT Life Sciences Co., Ltd., Shanghai, China), according to the manufacturer's protocol. All assays were performed in triplicate. For the colony formation assay, a total of 500 cells were plated in a six-well plate and maintained in medium containing 10% FBS, which was replaced every 5 days. After 2 weeks, the cells were fixed with methanol at 23˚C for 1 h and stained with 0.1% crystal violet at 37˚C for 30 min. Visible colonies were manually counted by visual inspection. Triplicate wells were measured in each treatment group.
Apoptosis analysis. The cells in each group were collected at 24, 48 and 72 h following transfection and cold PBS was used to wash the cells three times. The cells were resuspended in 500 µl pre-cooled binding buffer at a concentration of 5x10 6 cells/ml. A total of 100 µl of the cell suspension was added to flow cytometry tubes and 5 µl Annexin V-fluorescein isothiocyanate (Beyotime Institute of Biotechnology, Haimen, China) was added. Following mixing, the samples were incubated at room temperature in the dark for 15 min and at 5 min prior to the measurements, 5 µl of 10 mg/l propidium iodide dye was added. Samples were immediately analyzed via fluorescent-activated cell sorting and BD FACSuite™ software (BD Biosciences), without washing or fixation. Each sample was analyzed three times.
Luciferase reporter analysis. The pGL3-IRAIN-3' untranslated region (UTR)-wild-type/mutated vector (Promega Corporation, Madison, WI, USA) was co-transfected with control plasmid or miR-125b-expressing plasmid into 293T cells (CRL-3216™; American Type Culture Collection, Manassas, VA, USA) using Lipofectamine ® 2000 (Thermo Fisher Scientific, Inc.). Firefly and Renilla luciferase activities were measured consecutively 24 h after transfection using a Dual-Luciferase Reporter assay kit (Promega Corporation).
Prediction of miR targets. Computational prediction of miR targets was performed using the online database miRcode (www.mircode.org).
Statistical analysis. For data analysis, the SPSS 16.0 (SPSS, Inc., Chicago, IL, USA) and Microsoft Excel (Microsoft Office 2013 for Windows; Microsoft Corporation. Redmond, WA, USA) were used. Each experiment was performed at least three times and the values are reported as the mean ± standard deviation. Differences between two groups were evaluated by Student's t-tests. For multiple-groups comparisons, one-way analysis of variance was used, followed by post hoc Newman-Keuls tests. P<0.05 was considered to indicate a statistically significant difference. For Pearson's correlation coefficient analysis, GraphPad Prism software (version 5.01; GraphPad Sofware, Inc., La Jolla, CA, USA) was used.
Results

miR-125b is overexpressed and IRAIN is downregulated in plasma from patients with MM and in MM cell lines. RT-qPCR
was performed in 35 plasma samples from patients with MM and 20 samples from healthy individuals. The expression level of IRAIN in patients with MM was significantly lower compared to that in healthy individuals (Fig. 1A) . By contrast, compared with that in cells from healthy subjects, the level of circulating miR-125b was upregulated in cells from patients with MM. The normalized miR-125b expression levels in the patients with MM and healthy subjects were 1.69±0.03 and 1.30±0.08, respectively and miR-125b expression in MM patients was significantly higher compared with that in healthy individuals (Fig. 1B ). An inverse correlation between miR-125b and IRAIN was also observed in patients with MM (P<0.01; R 2 =0.267) (Fig. 1C ). Normal plasma cells in the control group were cluster of differentiation 138-positive cells extracted from the plasma of healthy volunteers and verified by flow cytometry (Fig. 1D and E) . Consistent with these data, the RPMI-8226 cell line expressed the highest level of miR-125b ( Fig. 1F ) and the lowest level of IRAIN (Fig. 1G ).
Downregulation of IRAIN promotes cell proliferation.
To investigate the biological role of IRAIN in MM cell lines, MM cells were transfected with IRAIN-targeting siRNA. IRAIN siRNA 3 possessed the most potent ability to knock down IRAIN ( Fig. 2A) . The CCK8 assay results demonstrated that the viability of U266 and RPMI-8226 cells was increased by transfection with si-IRAIN ( Fig. 2B and C) . Consistent with the CCK8 assay results, the colony numbers in IRAIN-silenced U266 and RPMI-8226 cells exhibited a marked increase compared with si-NC-transfected cells ( Fig. 2D and E) . The data from the colony formation assay are presented in Fig. 2F .
Knockdown of IRAIN inhibits apoptosis. The effect of IRAIN knockdown on apoptosis was analyzed by flow cytometry.
Compared with that in the si-NC group, the apoptosis of MM cells was inhibited in the si-IRAIN group. The apoptotic rates were 13.8% in the U266 group and 14.9% in the RPMI-8226 group (Fig. 3A and B) . Compared with si-NC transfection, si-IRAIN transfection inhibited apoptosis in MM cells (P<0.001, Fig. 3C ). 
miR-125b reverses the effect of IRAIN on MM cell apoptosis.
To further investigate whether IRAIN exerts biological functions through miR-125b, rescue experiments were performed by inhibiting miR-125b expression in si-IRAIN cells (U266). Flow cytometry demonstrated that cell apoptosis was reduced in si-IRAIN cells, whereas the addition of an miR-125b inhibitor partially reversed this effect ( Fig. 4; P<0.01 ).
IRAIN is a target of miR-125b.
In the present study it was discovered that the tumor suppressor IRAIN was a target of miR-125b as predicted by miRcode (Fig. 5A ). To determine whether miR-125b bound to the 3'-UTR of IRAIN, luciferase reporter assays were performed. As expected, miR-125b overexpression inhibited luciferase activity. By contrast, cells with mutant IRAIN 3'-UTRs displayed increased luciferase activity (Fig. 5B) . The results also demonstrated that IRAIN knockdown increased miR-125b expression levels (Fig. 5C ). At the same time, treatment with the miR-125b inhibitor enhanced IRAIN expression ( Fig. 5D ).
Discussion
MM is a neoplasm of terminally differentiated B cells (PCs), accounting for ~0.8% of all new cancer cases (12) . Dysregulation of lncRNA expression serves an important role in cancer development and lncRNAs are becoming potential prognostic biomarkers in cancer (13) . An increasing number of studies have provided evidence to suggest that the dysregulation of lncRNAs may contribute to MM progression. For example, Sedlarikova et al (14) reported that lncRNA UCA1 was downregulated in MM. Furthermore, Cho et al (15) demonstrated that the lncRNA MALAT1 is overexpressed in MM and may serve as a marker to predict disease progression. However, the function and underlying mechanism of lncRNAs in MM remain unclear. Understanding the roles of lncRNAs as tumor suppressors or oncogenes may help to identify novel potential biomarkers for early diagnosis and new epigenetic molecular targets for MM patients. IRAIN is an antisense noncoding RNA that was first identified in hematopoietic malignancies, with a pattern of decreased expression in AML (9) . Previous studies have indicated that IRAIN is associated with breast cancer (10) , non-small cell lung cancer (16) and pancreatic cancer (17) . However, there is limited evidence to suggest a link between IRAIN and MM.
Notably miR-125b is a member of the miR-17-92 cluster and has been demonstrated to function as an oncomir in numerous human cancer types. A study performed by Wang et al (18) demonstrated that miR-125b was highly expressed in breast cancer and Shen et al (19) reported that miR-125b expression was markedly increased in type 2 diabetes mellitus. Previous research has also demonstrated that high levels of miR-125b was associated with shortened progression-free survival times (20) . In the current study, it was demonstrated that IRAIN expression was substantially downregulated in MM plasma and cell lines. Furthermore, an increased level of miR-125b expression in plasma from samples was observed. It was demonstrated that miR-125b was also upregulated in MM cell lines. IRAIN depletion promoted MM cell proliferation and led to the inhibition of MM cell apoptosis. Furthermore, the present study reported that IRAIN was a direct target of miR-125b. These data suggest that IRAIN may be a tumor suppressor lncRNA and that the upregulation of miR-125b in MM may be associated with the development and progression of the disease.
Increasing evidence suggests that lncRNAs may act as endogenous miRNA sponges by binding to miRNAs (21, 22) . Zhang et al (23) demonstrated that lncRNA UCA1 promoted cancer progression by acting as a competing endogenous RNA of activating transcription factor 2 in prostate cancer. Additionally, Xia et al (24) demonstrated that lncRNA Fer-1 like family member 4 suppressed cancer cell growth by acting as a competing endogenous RNA and regulating phosphatase and tensin homolog expression. However, further investigations are required to determine whether the relationship between IRAIN and miR-125b is similar in MM.
In summary, the present study demonstrated that IRAIN may act as a tumor suppressor in MM, whilst miR-125b may act as a tumor promoter. A negative correlation between IRAIN and miR-125b was observed in MM plasma. Downregulation of IRAIN significantly increased the expression of miR-125b. Silencing of IRAIN promoted cell growth and inhibited cell apoptosis, and miR-125b reversed the effect of IRAIN on MM cell apoptosis. Furthermore, by using dual-luciferase reporter assays, IRAIN was identified as a target of miR-125b. Knockdown of IRAIN suppressed MM cell proliferation in vitro. Therefore, the present study highlights the importance of the miRNA-lncRNA interaction in tumorigenesis. Consequently IRAIN may be used to predict the clinical prognosis of MM patients and may be a novel therapeutic target for treating MM.
